The oesophageal acid clearance time was evaluated in 10 healthy volunteers of 'small' boluses of 0 5 and 1 ml and 'minute' boluses of 0-05 and 0*1 ml 0.1 N HCI, as well as 0-1 and 1 ml 0*01 and 0.001 N HCI. Swallow rate was normalised at q 60 seconds. For 0.1 ml 0.1 N HCI, acid clearance time was also measured for swallow intervals of q 30 and 120 seconds. Acid clearance time to restore pH to 4 0 was significantly longer (p<001) for the 05 and 1 ml 0.1 N HCI (210 and 273 seconds, respectively) than for the 0 05 and 0-01 ml acid boluses (83 and 94 seconds, respectively). The minimum acid clearance time was 18 seconds (0.05 ml 0
mum acid clearance time was 18 seconds (0.05 ml 0.1 N HCI). Acid clearance time for 0.1 N HCI was less than one minute on only two occasions. The acid clearance times were comparable when the subjects sat upright. A longer interswallow interval -that is, 120 seconds, resulted in a significantly longer acid clearance time than shorter swallow intervals (p<0.05). Oesophageal acid clearance time for small acid volumes averaged more than three minutes and for minute acid volumes was generally more than one minute; and acid 4 5 Time (minutes) Figure 1 : Example ofoesophageal acid clearance ofa small amount ofacid. Injection of 1 0 ml 0-1 N HCI at 6 cm above lower oesophageal sphincter (LOS) caused substantial pH drops at both pH sites located at 5 (Fig 1) . We tested acid clearance time for0-05, 0 1,0-5, and 1 ml 0-1 N HCI (pH 1-2). To evaluate the effect of different acidity on the acid clearance time, subsequently, we also evaluated it for 0-1 and 1-0 ml 0-01 N (pH 2) and 0-001 N (pH 3) HC1. To deliver each concentration of acid, the designated channel of acid delivery which had a volume of 1 ml was flushed and kept filled with the same acid concentration -that is, 0-1 N, 0-01 N, 0-001 N HCI. This technique made it possible to accurately deliver minute amounts of acid into the oesophagus, as injection of the desired volume displaced the equivalent amount from the channel into the oesophagus. Acid injection was done using an insulin syringe when the oesophagus was cleared of flushed acid and intraluminal pH reached to .5 by spontaneous swallows.
Swallow rate was normalised by instructing the subject to swallow every 60 seconds, beginning the first swallow 10 seconds after the acid injection into the oesophagus. Acid boluses were injected 10 seconds after the subjects swallowed spontaneously. To study the effect of the swallow interval on the acid clearance time, acid clearance time for 0-1 ml 0-1 N HC1 was repeated for swallow intervals of 30, 60, and 120 seconds. All acid volumes and normalcies, as well as swallow intervals, were tested in all subjects. Studies were done with the subject in supine position and were repeated at a later date with the subject sitting upright. Acid clearance time was defined as time, in seconds, required for the intraluminal pH to return to 4. Manometric (Fig 1) . Injection of 0 05 and 0-1 ml 0 1 N HCI at this site generally did not cause a pH drop at 1 cm above the lower oesophageal sphincter and acid clearance at 5 cm above occurred without any change in pH at 1 cm above lower oesophageal sphincter (Fig 2) .
Acid clearance time for 0 5 and 1 ml acid boluses of 0 1 N HCI (210 (28) and 273 (37) seconds, respectively) were significantly longer than acid clearance time for 0-05 and 0-1 ml acid boluses (83 (16) and 94 (10) seconds, respectively) (Fig 3) . A minimum acid clearance time of 18 seconds was observed for a 0 05 ml acid volume; otherwise, acid clearance time was generally longer than 60 seconds. Acid clearance times for all acid volumes were similar in the supine and upright position.
Injection of all volumes of 0-001 and 0-01 N HCI resulted in inconsistent and variable pH drops, therefore, reproducible acid clearance time for these minute volumes of higher pH could not be measured. The shortest acid clearance time observed (18 seconds) occurred for 1 ml 0-001 N HC1, after a pH drop to 3-2. Injection of 0-1 ml of 0.01 N HCI frequently caused a pH drop to above 4. At times during the first swallow after this injection, the proximal pH probe registered a short dip to pH below 4 which lasted for three to 10 seconds and pH returned to above 4 by the same swallow (Fig 4) .
The effect of swallowing rate on acid clearance time is shown in Figure 5 . Overall, acid clearance time was inversely related to swallowing rate and a swallow interval of 120 seconds was significantly longer than that for a swallow interval of 30 or 60 seconds.
Discussion
In this study we evaluated distal oesophageal 300- Time (minutes) Figure 4 : Example ofpH drop to 3-7 that occurred during first swallow after injection ofO -ml 0 01 N HCI. These episodes lasted three to 10 s. Acid neutralisation occurred entirely during the same swallow.
clearance of small amounts of acid, designed to simulate gastrooesophageal reflux of small volumes of gastric acid. This simulation was achieved by injecting small (0-5 and 1 ml) and minute volumes of (0.05 and 041 ml) of 0-001, 0 01, and 0-1 N HC1 adjacent to a pH sensor, located 5 cm above the lower oesophageal sphincter. Although the mode of delivery of acid was different from the pattern of a true gastrooesophageal reflux, it enabled us to measure acid clearance time under a controlled condition for acidity, volume, site, and dwell time.
Intraoesophageal pH drop at the pH site close to the injection port for all volumes of 0-1 N HCI was substantial and reproducible. On the contrary, 0 001 and 0 01 N HC1 caused inconsistent intraoesophageal pH drops suggesting that some of the injected acid was neutralised by preexisting intraluminal salivary bicarbonate that coated the oesophageal mucosa.
Acid clearance time for small amounts of 0 1 N HC1, was comparable with acid clearance time for larger volumes of 2-15 ml measured in Swallowing interval Figure 5 : Effect ofswzallow interval on oesophageal acid clearance of0 I ml 0 1 N HCI. Acid clearance time was significantly lower (*p<0 05) when subjects swallowed every 120 s compared with when they swallowed every 30 or 60 s. previous studies.'2 On the other hand, acid clearance time for minute amounts of 0-1 N HCl was significantly shorter than acid clearance time for 0 5 and 1-0 ml. The shortest acid clearance time for 0-1 N HCl found during this study was 18 seconds and only on two occasions was acid clearance time shorter than one minute. These findings suggest that short duration pH drops on long interval pH recordings, generally attributed to reflux episodes, are difficult to ascribe to reflux episodes that cause a substantial pH drop to '1-5. Such events are likely to be the result of either artifact or refluxates of relatively high pH -that is, pH [3] [4] and small volume or short dwell time as shown in Figure 4 .
In this study the interval between acid injection and the following swallow was kept constant at 10 It has been previously shown that an increase in salivary flow improves acid clearance time, whereas, preventing saliva from reaching the oesophagus increases oesophageal acid clearance time.' A significant increase in acid clearance time for 15 ml 0 4 N HCl has been reported by Helm et al when the swallow interval was increased from 30 to 60 seconds. In our study, acid clearance time for 0 1 ml 0 1 N HC1 did not change significantly when the swallow interval was increased from 30 to 60 seconds, but increased significantly when subjects swallowed every 120 seconds. We believe the discrepancies between the two studies are caused by the different acid volumes that were tested. An inverse relationship of acid clearance time with swallowing rate found in this study again substantiates the importance of saliva and its neutralising capacity in oesophageal acid clearance time.
